Novel Adjunct Drugs Reverse Endothelial Glycocalyx Damage After Hemorrhagic Shock in Rats.
There is interest in the small-volume therapeutic use of adjunct drugs for treating hemorrhagic shock (HS). However, critical information is only partially available on mechanisms of action of promising compounds such as adenosine-lidocaine-magnesium (ALM), beta-hydroxybutyrate plus melatonin (BHB/M), and poloxamer 188 (P-188). Therefore, we tested the hypothesis that these adjuncts would reverse HS-induced damage to microvascular endothelial glycocalyx and hemodynamics. After baseline, 40% of total blood volume was removed from 44 anesthetized Sprague-Dawley male rats. One hour after hemorrhage, animals were resuscitated using ALM, BHB/M, or P-188 followed by lactated Ringer's (LR, 15 mL/kg). Control animals were not treated (SHAM) or received LR alone. Sampled blood was used to quantify shed syndecan-1 in plasma; multiple systemic physiological parameters were recorded. In vivo glycocalyx thickness, microvascular permeability, and microhemodynamics were evaluated in >200 cremaster venules using intravital videomicroscopy. Compared with baseline, resuscitation using adjuncts was associated with glycocalyx restoration of 97 ± 9% (ALM), 75 ± 8% (BHB/M), and 85 ± 5% (P-188): significantly higher than LR-only (56 ± 4%). Significantly better permeability, similar to SHAM values, was measured after ALM and P-188, and low plasma syndecan-1 levels were measured after resuscitation with all adjuncts. Microhemodynamic changes were relatively small while systemic parameters such as mean arterial pressure and lactate improved but remained below or above the baseline, respectively, as expected from this hypotensive resuscitation model. The drugs ALM, BHB/M, and P-188 provide beneficial effects as adjuncts to hypotensive resuscitation in this HS model by mechanisms involving changes at the microvascular level including the glycocalyx.